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leukemia is a term applied to all malignancies of the 
leukocytes. Leukemia may produce tumors in the thymus, 
spleen, lymph nodes or cause an increase in the number of 
leukocytes in the blood. In all cases there is an increase 
in the number of leukocytes and the leukemia is referred to 
by the kind of leukocyte they affect. The lymphoblastic 
type may have its origin in the thymus causing an overpro- 
duction of immature thymic lymphocytes. 
Mice have been used extensively to study leukemia. It 
has been proven, using the mouse system, that there are a 
variety of viruses found in transmission of leukemia. 
Gross (1961) first implicated viruses when he induced leu¬ 
kemia in a strain of mice, C3H, using cell-free extracts 
from an AKR strain of mice, a strain which shows a high 
rate of spontaneous leukemia. 
In G3H and AKR strain mice thymic lymphomas that de¬ 
veloped had elevated alkaline phosphatase activity compared 
with normal thymic tissue (Metcalf et al,, 1962), In C57BL 
mice alkaline phosphatase activity was noted in 88% of de¬ 
veloped thymic lymphomas (lagerlof and Kaplan, 1966), 
Alkaline phosphatase is a group of enzymes sharing the 
capacity to hydrolyze phosphate esters in an alkaline medium. 
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Several reports, as previously stated, have linked this 
enzyme activity with mouse leukemia. The enzyme is found in 
normal tissue of the intestines, kidney, spleen, and blood 
of C57BL mice. The enzyme is found in the thymus of the em¬ 
bryo of C57B1 mice less than 17 days old, After this period 
the enzyme disappears from the thymus and only reappears in 
the thymus when there is the development of a thymic lym¬ 
phoma, The alkaline phosphatase in the mouse lymphomas has 
been studied by lagerlof and Kaplan (1966), Metcalf, Sparrow 
and Wyllie (1962) and found to be elevated in tumor incidence 
and correlated with neoplastic transformation of the cell. 
Dumb and Doell (1970) have characterized the mouse lymphoma 
alkaline phosphatase of 057BL mice as resembling that of 
normal 057BL mouse spleen and embryo alkaline phosphatase. 
Thymic lymphomas were induced in W/Bu rats by Doell and 
Mathieson (1970) using C57BL mouse lymphoma cell-free ex¬ 
tracts, When these lymphomas were checked for alkaline 
phosphatase activity they were negative. Thymic lymphomas 
were induced in W/Bu rats by Doell and Mathieson (1970) by 
treating newborn rats with C57B1 mouse lymphoma cells and 
later transplanting rat lymphoma cells, The lymphomas that 
developed in rats treated with mouse lymphoma cells were 
alkaline phosphatase positive. 
The question to be considered concerns the source of 
the genetic information for the rat lymphoma alkaline phos¬ 
phatase. The genetic information for the rat lymphoma 
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alkaline phosphatase could come from the mouse cells or it 
could he in the rat and activated by the presence of mouse 
cells. This study was made to determine the biochemical 
characteristics of rat lymphoma alkaline phosphatase based 
on pH optimum and heat inactivation and compare it to normal 
rat and mouse spleen alkaline phosphatase activity and mouse 
lymphoma alkaline phosphatase. 
CHAPTER II 
REVIEW OE LITERATURE 
Posen (1967) describes alkaline phosphatase as enzymes 
which hydrolyze phospho-mono esters nonspecifically at high 
pH, occuring in the following mammalian tissue: spleen, in¬ 
testine, kidney, liver, bone, placenta, blood vessels, and 
granulocytes. They are reported as zinc métalloenzymes, 
consisting of two identical subunits with the amino acid 
serine at the active site. 
Alkaline phosphatase activities from different tissue 
can be differentiated by biochemical parameters. The pla¬ 
centa and Escherichia coli alkaline phosphatases are heat 
stable at 55 C for sixty minutes while most other tissue 
alkaline phosphatases are partially denatured in sixteen 
minutes at 55 C (Ueale et al., 1965)» The ratio of activity 
toward -glycerophosphate and heat inactivation has distin¬ 
guished liver, spleen, kidney and bone alkaline phosphatase 
from intestinal alkaline phosphatase (Landau and Schamowitz, 
1961). 
Alkaline phosphatase activity has been associated re¬ 
cently in several studies with mouse leukemia. In the AKR 
mice, alkaline phosphatase is localized in the lymphoma 
cells in a thymic lymphoma. In the normal tissue of AER 
mice the activity is confined to vascular endothelium tissue. 
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Alkaline phosphatase leyel is low in normal AKR thymuses and 
the enzyme activity is not localized in the lymphoid cells 
(Metcalf et al., 1962)* 
Lagerlof and Kaplan (1966) using 057BL mice found alka¬ 
line phosphatase activity correlated with tumor development. 
The enzyme was located in the tumor cells, appearing as an 
outlining of the cell membrane. Enzyme activity was not 
limited to any particular phase of tumor development. 
The function of the enzyme in thymic lymphoma production 
is unknown. Based upon biochemical classification by lumb 
and Doell (1970) the activity of the enzyme found associated 
with thymic lymphomas of 057BL mice resembles that found in 
the normal spleen of the mice. The biochemical criteria 
used were pH optimum, heat inactivation, substrate ratio and 
Acrylamide G-el Disc Electrophoresis. 
Leukemia has been induced in rats by the passage of 
mouse leukemia virus (Gross, 1961; Okano, Kunii and Furth, 
1965; Kirsten and Platz, 1964; Doell and Mathieson, 1970), 
Kirsten and Platz (1964) used leukemic AKR cell suspension 
to induce leukemia in W/Fu rats. Consecutive injections of 
leukemic cells at birth and 1-5 weeks later were necessary 
for successful transplantation. Reinjections during the 
first week caused early leukemias, growing at or near the 
site of injection. Late leukemias that developed after a 
latency period of 3-8 months, arose in the thymus and were 
rat leukemias. They were morphologically the same as rat 
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lymphomas that developed from virus induced leukemias. No 
test for alkaline phosphatase of rat lymphomas was made in 
any reports mentioned except those of Doell and Mathieson 
(1970). All W/Eu rat lymphomas tested for alkaline phospha¬ 
tase activity were induced using virus cell-free extracts of 
C57BL mice and were negative. The only activity found was 
that lining "blood vessels or other nontumor cells. Doell 
and Mathieson (1970) postulate that "in the complex virus- 
host cell relationship leading to malignant transformation 
in the mouse thymus fortuitous activation of the alkaline 
phosphatase gene occurs. In the rat, on the other hand, 
such an activation does not take place". 
Alkaline phosphatase levels were checked in normal 
Sprague-Dawley rat thymus "by McAlpine (1955) and found to "be 
slightly increased during differentiation of the large thy¬ 
mocytes. Greenberg and Cole (1964), using fluorometric 
analysis, found that alkaline phosphatase activity increases 
rapidly from day one to day two and then steadily declines 
until day seven, after which time there is negligible activ¬ 
ity. 
CHAPTER III 
MATERIALS AND METHODS 
Tumors used in these experiments were supplied by Dr. 
Ruth. Doell of the Stanford Medical School in California. 
Tumors were induced in W/Eu strain rats using mouse lymphoma 
cells of C57BL mice. The tumors were kept frozen until 
homogenates were prepared for assay. Eresh tissue was ob¬ 
tained from animals in the Atlanta University Biology De¬ 
partment. These included C57BL mice and W/Eu rats. 
Preparation of Tissue Homogenate 
Erozen tumors and normal tissue were placed in chilled 
petri dishes in ice and minced using dissecting scissors. 
A .085M NaCl solution was added in fractions of 2 ml to make 
a final volume of 7 ml. The minced tumors in the HaCl solu¬ 
tion was then placed in a chilled glass grinder and ground 
until no visible tissue could be seen. This mixture was 
sonicated for ten minutes and served as crude extract for 
all assays. 
Substrate 
para-Uitrophenol phosphate (p-NPP) was used as the sub¬ 
strate in all experiments at a concentration of 3.38 mM. 
Buffers 
1. Ammediol buffer (2-amino-2-methyl-l,3 propanediol) 
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(0.04 M containing 0.005M MgOlg) was used throughout experi¬ 
ments. The pH of the buffers was adjusted using (IN) HOI, 
2, Sodium acetate/acetic acid buffer (pH 5.0) was used 
for acid phosphatase at a final concentration of 0.05 M. 
p-EPP Assay 
Total reaction volume consisted of ammediol buffer 
(0.8 ml), enzyme extract (0.1 ml), and p-EPP (0.1 ml). The 
reaction was carried out in a water bath at 57 0 for thirty 
minutes, then stopped with 2 ml of 0,1M EDTA in 0.5N EaOH. 
Three experimental tubes and a blank were used for each ex¬ 
periment. EDTA in EaOH was added to each blank before the 
reaction was begun. The liberated p-EP (para-nitrophenol) 
was determined by reading at 400 nm on a G-. T. Turner Spec¬ 
trophotometer. The readings of the three tubes were aver¬ 
aged and the reading of the blank subtracted. The p-EP was 
determined from a standard curve prepared by plotting mmoles 
of p-EP versus absorbance at 400 nm on a G. T. Turner Spec¬ 
trophotometer. 
pH Optimum 
These experiments were performed using the standard 
p-EPP assay, but the pH of the buffers were adjusted to a 
range of 7.2 to 10.2 using a (1 E) HOI solution. 
Acid Phosphatase Assay 
The assay was carried out the same as in the standard 
p-EPP assay using a reaction volume of (1 ml). The buffer 
used was sodium acetate/acetic acid (pH 5.0)(0.05 M)(0.8 ml). 
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Inhibition of Acid Phosphatase 
Acid phosphatase activity was inhibited using a potass¬ 
ium fluoride (KP) solution (10 mM). An alteration in the 
amount of buffer used from (0.8 ml) to (0.7 ml) was made to 
retain a reaction volume of (1 ml). Potassium fluoride 
(0.1 ml) was added and the reaction followed the procedure 
of the standard p-HPP assay. 
Heat Inactivation 
Heat inactivation assays were performed using tubes con¬ 
taining (0.8 ml) ammediol buffer and 0.1 ml enzyme extract 
heated at 55 C for varying lengths of time. The inactivation 
was stopped by placing the tubes in ice immediately upon re¬ 
moval from the 55 C water bath. The reaction was then 
carried out using the standard p-HPP assay. Por each experi¬ 
ment a control of one set of unheated tubes were used. The 
natural log of the activity remaining was plotted against 
time of inuubation at 55 C. A least Squares Method was used 





The pH optimum experiments in a pH range 8*0-10.0 were 
performed on a number of tumors and normal rat and mouse 
spleen* Table 1 lists the types of tumors and the tumor 
numbers referred to in reported results, figures 1, 2, 3 
and 4 are graphs of the results of p-NPP assays on each tumor 
and rat and mouse spleen at the appropriate pH, Rat tumors 
show a variable increase in activity in a pH range of 8,0- 
8.4. Rat spleen consistently shows high activity in this pH 
range. Rat tumors, rat spleen, mouse tumors, and mouse 
spleen all show peak activity at pH 10.0. To determine the 
true peak of the lower pH activity, pH optimum experiments 
were performed in the pH range 7.2-10*0, These results are 
reported in figure 5. Rat spleen and 1343 show a peak be¬ 
tween 7*6 and 8.0. In order to make sure the. .lower activity 
was alkaline phosphatase and not residual acid phosphatase, 
potassium fluoride was used to inhibit acid phosphatase 
activity, (Hubscher and West, 1965), within a pH range of 
7,2-10,0, figures 6, 7 and 8 show the results of experi¬ 
ments with and without potassium fluoride on rat spleen, rat 
tumors, and mouse spleen. In the presence of potassium 
10 
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Table 1* Tumor inducing agent and the tumor number. 
Anims.l Inducing Agent Tumor Number 
W/Fu Rat Mouse Lymphoma Cells 1560 
Mouse Lymphoma Cells 1543 
Mouse Lymphoma Cells 1555 
057B1 Mice Rad.L.V. 1548 
Rad.L.V. 1550 
Do ell "Virus 1499 
Doell Virus 1497 
1556 Doell Virus 
Fig, 1. pH Curve of Rat Spleen, W/Fu Rat Tumor 1555, 
and Doell Virus 1499 Alkaline Phosphatase 
Activity, W/Fu rat tumor 1555 and rat 
spleen alkaline phosphatase show significant 
activity at pH 8.0. Rat spleen has its 
activity peak at pH 8.0, 1555 has its activ¬ 
ity peak at pH 10.0. Doell Virus 1499 shows 
low alkaline phosphatase activity at pH 8.0 
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pH 
Fig, 2. pH Curve of Doell Yirus 1497, W/Fu Rat 
1560 I.P. and Rad.l.Y. 1548 Alkaline 
Phosphatase Activity. There is no signi¬ 
ficant difference in the alkaline phos¬ 
phatase activity of the three tumors. 
1560 I.P. and 1497 have slight activity 













Pig, 3. pH Curve of W/Pu Rat 1545 and Rad.L.V. 1555 
Alkaline Phosphatase Activity. Rad.L.V. 
shows no activity at pH 8.0. 1543 has 
elevated activity at pH 8.0. Both show 













Mg, 4. pH Curve Comparison of Rat Spleen, Mouse 
Spleen, and Doell Virus 1556 Alkaline 
Phosphatase Activity. Mouse spleen and 
1556 alkaline phosphatase have activity 
peaks at pH 10.0. Rat spleen alkaline 
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Pig. 5* pH Curve Comparison of Each Type Tumor 
Alkaline Phosphatase with that of Mouse 
Spleen and Rat Spleen. Mouse spleen, 
1550 and 1556 have similar pH curves, 
1543 has elevated activity at pH 7.6 
hut drops at 8.0, and follows the pH 
curve of mouse spleen 1550 and 1556. 
Rat spleen continues to show a con¬ 
























fluoride inhibitor the rat spleen is definitely different 
with an alkaline phosphatase peak at 8,0, The rat tumors 
after inhibition of acid phosphatase activity with potassium 
fluoride as shown in Figures 7 and 8 conforms to the pattern 
of the mouse tumors. Figure 9 shows the pH optimum curve of 
mouse spleen after inhibition of acid phosphatase. Mouse 
spleen shows a slight peak at 7.6 in addition to its peak 
at 10,0, 
Heat Inactivation 
Heat inactivation experiments were performed on rat 
tumor alkaline phosphatase, mouse tumor alkaline phosphatase, 
and mouse spleen alkaline phosphatase. Heat inactivation of 
rat spleen alkaline phosphatase was performed at pH 10.0 and 
8.0, Figure 10 shows the shapes of the inactivation curves 
of rat spleen at pH 10.0 and 8,0 as compared to that of rat 
lymphoma alkaline phosphatase and mouse lymphoma alkaline 
phosphatase. As shown by the K^, which is the slope of the 
straight line forced through these points by a Least Squares 
analysis, only the rat spleen at pH 8.0 is different. Rat 
spleen at pH 8*0 was inactivated in four minutes and showed 
no further inactivation. Figure 11 shows heat inactivation 
curves of W/Fu rat lymphoma alkaline phosphatase. Alkaline 
phosphatase of tumor 1555 is different and could not be 
checked because all the tumor extract was used. However, 
the difference is possibly due to the high concentration of 
enzyme in the extract. The initial reading was very high. 
Pig. 6. Results of pH optimum of rat spleen 
alkaline phosphatase using potassium 
fluoride as an acid phosphatase in¬ 
hibitor. Inhibition of acid phos¬ 
phatase and assaying for alkaline 
phosphatase activity shows the 
activity peak of rat spleen alkaline 
phosphatase to be at pH 10.0 and 














Fig. 7. Results of pH Optimum of 1543 Alkaline 
Phosphatase using Potassium PluoricLe 
as an Acid Phosphatase Inhibitor* In¬ 
hibition of acid phosphatase and 
assaying for alkaline phosphatase shows 
a decrease in activity in pH range 
7.2-8.8 with an activity peak at pH 
10*0. The pH curve is now the same 
as that of mouse spleen and mouse 














— WITH KF 
pH 
Pig. 8. Results of pH optimum of 1560 and 1555 
alkaline phosphatase using potassium 
fluoride as an acid phosphatase in¬ 
hibitor, The pH curve after acid 
phosphatase inhibition is now the same 
as that of 1545 in Pig. 7, and that of 
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- WITH KF 
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Pig. 9* Results of pH optimum of mouse spleen 
alkaline phosphatase using potassium 
fluoride as an acid phosphatase in¬ 
hibitor* The activity peak remains 
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72 7.6 80 84 88 92 96 10-0 
pH 
Fig* 10, Heat Inactivation of Alkaline Phospha¬ 
tase from Normal W/Fu Rat Spleen and 
Tumor Tissue, 1560, a rat lymphoma, 
1548 mouse lymphoma and rat spleen 
pH 10,0 alkaline phosphatase activity 
all show similar patterns of Inactiva¬ 
tion, Rat spleen alkaline phosphatase 
pH 8,0 is totally Inactivated in 4 min. 
The straight line was forced through the 
corresponding points using a Least 































TIME IN MINUTES 
4 8 12 16 
AI560 
O 1548 
Pig. 11, Heat Inac tirât ion of Alkaline Phospha¬ 
tase from W/Fu Rat lymphomas. 1543 and 
1560 are not significantly different, 
as shown hy the straight line which 
represents the ralue calculated using 
a Least Squares analysis theory. 1555 
appears different hut the experiment 
could not he repeated because all the 
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Figures 12 and 15 are heat inactivation curves of RAD.L.V. 
tumor alkaline phosphatase and Doell Virus tumor alkaline 
phosphatase. The heat inactivation curves of both show a 
similarity which proposes the enzyme activity is the same. 
Table 2 gives the Eg. value of each tumor calculated by 
using a Least Squares analysis, Of the Eg values shown, 
only rat spleen at pH 8.0 is significantly different, 
Pig* 12* Heat Inactivation of Alkaline Phospha¬ 
tase from Doell Virus induced lympho¬ 
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Pig. 13. Heat Inactivation of Alkaline Phospha¬ 
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fable 2. Heat inactivation constants for APase from tumors 
and normal tissue. (Values are means of 5 
experiments) 













Rat Spleen (pH 10.0) .15 
Rat Spleen (pH 8.0) .06 
Mouse Spleen .10 
CHAPTER Y 
DISCUSSION 
Based on pH optimum and Heat inactivation, alkaline 
pHospHatase from mouse tumor cells induced W/Fu rat tumors 
respond characteristically the same as alkaline phosphatase 
from chemical and viral induced tumors in 057BL mice. 
This indicates that the APase was passaged into the rats 
in the mouse cells. This theory is supported hy the fact 
that Doell and Mathieson (1970) found no alkaline phosphatase 
in rats when cell-free extract of the virus was used. 
The fact that 057B1 mouse lymphoma APase is similar to 
mouse spleen, hut that W/Eu rat lymphoma APase is not similar 
to the rat spleen support evidence for a cell coded gene. If 
the rat lymphoma APase was similar to rat spleen, one would 
expect it to show an APase activity peak at pH 8.0. 
The KE experiments remove the possibility that one may 
have assayed acid phosphatase. Complete inhibition of acid 
phosphatase was never accomplished but enough inhibition was 
accomplished to give a true picture of the alkaline phospha¬ 
tase activity of the tumors. 
The conclusions from these experiments must take into 
account that only crude extract was used and upon purifica¬ 
tion of the enzyme many of these findings may be ruled out. 
At present it can be postulated that the alkaline phospha¬ 
tase of the W/Eu rat lymphoma cells was not coded for by rat 
28 
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gene, but was coded for by mouse genes and was in actuality 
mouse alkaline phosphatase being assayed. 
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SUMMARY 
Prom all work done, the following summations can be 
made : 
1. Alkaline phosphatase positive tumors grew in W/Pu 
rats that had been treated with C57BL lymphoma cells as 
newborns, 
2. Heat inactivation and pH optimum experiments show 
the alkaline phosphatase activity of W/Fu rat tumors to be 
characteristically the same as the alkaline phosphatase 
activity of the C57BL mouse tumors and mouse spleen. 
3. The rat spleen APase has a definite pH activity 
peak at pH 8.0 that is characteristically different from 
that of the APase activity at pH 10.0 of the rat tumors, 
mouse tumors, and mouse spleen. 
4. The rat spleen alkaline phosphatase shows a peak 
at pH 10.0 which is indistinguishable from the mouse and 
rat tumors by heat inactivation. 
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